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Old-age mortality is notoriously diffi cult to predict because it requires not only an understand-
ing of the process of senescence—which is infl uenced by genetic, environmental, and behavioral 
 factors—but also a prediction of how these factors will evolve. In this paper, I argue that individuals 
are uniquely qualifi ed to predict their own mortality based on their own genetic background, as well 
as environmental and behavioral risk factors that are often known only to the individual. Given this 
private information, individuals form expectations about survival probabilities that may provide ad-
ditional information to demographers and policymakers in their challenge to predict mortality. From 
expectations data from the 1992 Health and Retirement Study (HRS), I construct subjective, cohort life 
tables that are shown to predict the unusual direction of revisions to U.S. life expectancy by gender 
between 1992 and 2004: that is, for these cohorts, the Social Security Actuary (SSA) raised male life 
expectancy in 2004 and at the same lowered female life expectancy, narrowing the gender gap in lon-
gevity by 25% over this period. Further, although the subjective life expectancies for men appear to be 
roughly in line with the 2004 life tables, the subjective expectations of women suggest that female life 
expectancies estimated by the SSA might still be on the high side. 

he twentieth century witnessed unprecedented improvements in life expectancy. In the 
United States, life expectancy at birth rose from 47 years in 1900 to 77 years in 2000 (Na-
tional Center for Health Statistics 2004).1 Although most demographers agree that mortality 
rates will continue to decline in the twenty-fi rst century, there is little consensus on how fast 
and for how long they will continue to fall (e.g., Lee 2003; Vaupel and Lundstrom 1994). 
The answers to these questions are at the heart of some of the most important issues in 
the economics of aging, including income adequacy in retirement and the solvency of the 
social security system.

Many mortality forecasts are based on extrapolations of historical data. However, 
extrapolating historical trends may be misleading. For example, simple extrapolative pro-
cedures fail to incorporate information about potential changes in the factors underlying 
mortality hazards over time. This paper provides a somewhat unorthodox alternative to 
using historical data to project the path of mortality risk. The method proposed here uses 
data on individual, subjective expectations of survival to construct subjective life tables for 
a particular cohort. This method has an important advantage over extrapolative methods in 
that subjective expectations incorporate current and future expected values of variables that 
infl uence mortality risk, such as exercise, diet, and smoking habits. Because much of this 
information is private, individuals are uniquely qualifi ed to assess how these factors will 
infl uence their personal mortality risk, which is a function of their medical history, current 
health status, and family history. By aggregating these individual forecasts of mortality risk 
across persons in a given cohort,  one can obtain a subjective, cohort life table that incorpo-
rates causal mechanisms implicitly and does not explicitly depend upon historical trends.

*Maria Perozek, Federal Reserve Board of Governors, Mail Stop 97, 20th and C Streets, NW, Washington, 
DC 20551; E-mail: mperozek@frb.gov. I would like to thank Michael Palumbo, and the Editors and reviewers of 
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1. Cutler and Meara (2004) provide an excellent overview of the causes underlying mortality improvements 
during the twentieth century.
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The purpose of this paper is to explore the mortality forecasts implied by the  subjective 
expectations of a cohort of individuals in the Health and Retirement Study (HRS) in 
1992. There are three main fi ndings. First, subjective life tables differ signifi cantly from 
life tables put together by the Social Security Actuary (SSA) in 1992, and the deviations 
from the life table differ signifi cantly by gender. In particular, subjective life expectan-
cies estimated for men are higher than the SSA life tables predict, and the subjective life 
expectancies for women are a good bit lower. Second, these subjective life tables suggest 
a further narrowing of the gender gap in longevity in coming decades, with men living 
longer and women dying earlier than predicted by the SSA. Part of this narrowing has 
already been refl ected in revisions to the SSA life tables published in 2004 compared with 
those published in 1992, in which male life expectancies were revised upward and female 
life expectancies were revised downward. In essence, the subjective expectations data from 
1992 predicted the direction of revisions to the SSA life tables between 1992 and 2004. The 
subjective expectations data also suggest a further narrowing of the gender gap in longevity 
for these cohorts that is not yet refl ected in the SSA life tables. Finally, I demonstrate that 
the validity of the subjective survivor functions depends crucially on the functional form 
that governs changes in mortality after age 85. I show that different functional forms result 
in signifi cantly different life expectancies, largely stemming from the shape of the survivor 
function beyond age 85. Nevertheless, I argue that the main fi ndings of the paper are robust 
to these assumptions.

The paper proceeds as follows. The second section describes the unique expectations 
data available in the HRS. The third section demonstrates how these data can be used to 
construct individual-specifi c survivor functions, which are then aggregated by using popu-
lation weights for a cohort of men and women in the HRS. The fourth section discusses the 
resulting subjective life tables and compares their mortality predictions with the life tables 
produced by the SSA in 1992 and then again in 2004. The fi nal section offers concluding 
remarks and directions for future research.

THE HEALTH AND RETIREMENT STUDY
The data used in this analysis are from the fi rst wave of the HRS. Initial interviews, 
conducted in 1992 and 1993, provide detailed information on the health status and socio-
economic status of a nationally representative sample of noninstitutionalized persons born 
between 1931 and 1941 and their spouses.2 A total of 12,652 individuals were included in 
the fi nal HRS sample in 1992. Variables of particular importance for this paper include 
subjective expectations of survival to age 75 and age 85, as well as indicators of the age 
and sex of the respondent.

This paper uses the HRS data on survival expectations to generate sequences of sur-
vival probabilities for each individual in the sample. In particular, respondents were asked 
to answer the following questions:

I would like to ask you about the chance that various events will happen in the future. Us-
ing any number from zero to ten, where zero equals absolutely no chance and 10 equals 
absolutely certain, what do you think are the chances that you will live to be 75 or more? 
And how about the chances that you will live to be 85 or more? 

The responses to these questions provide an indicator of survival expectations for HRS 
respondents, but it is not immediately obvious that they should be interpreted as cardinal 
measures, nor whether they provide information only on the ranking of outcomes. Hurd 
and McGarry (1995) suggested that when divided by 10, the responses can be treated as 
probabilities, which are hereafter referred to as P75 and P85. In particular, Hurd and McGarry 
(1995) showed that, for the most part, the subjective survival probabilities are internally 

2. Detailed documentation of the HRS is available in Juster and Suzman (1995).
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consistent: the probability of living to age 75 is greater than or equal to the probability of 
living to age 85. They also demonstrated that the subjective probabilities covary in reason-
able ways with other variables (such as health status) and that they are, on average, in the 
ballpark of the 1990 life-table probabilities.

Although previous work generally validated the interpretation of subjective expecta-
tions of mortality risk as survival probabilities, several features of the data are important to 
note. First, as noted in Hurd and McGarry (1995), about 2% of the sample reported greater 
probabilities of living to age 85 than of living to 75. Clearly, these individuals either misun-
derstood the question or were unable to form internally consistent probabilities of survival. 
Whatever the reason, I cannot estimate survivor functions with internally inconsistent data; 
as a result, I drop these observations from the analysis.3 

Another feature of these expectations data, also discussed by Hurd and McGarry 
(1995), is that responses tend to cluster around “focal responses” of 0, .5, and 1. In ad-
dition, a signifi cant minority report the same probability for both P75 and P85. A possible 
explanation for both of these phenomena is the coarseness of the 0- to 10-point scale for the 
responses in Wave 1, which forces individuals to round to the nearest tenth in probability 
terms. If this explanation were important, one should see much less clustering at focal re-
sponses and fewer reports of P75 = P85 when the scale is expanded from 11 points in Wave 
1 to 101 points for these same expectations questions in Wave 2. However, the prevalence 
of clustering appears to be very similar in Wave 2 despite the fi ner scale, and there is only 
a relatively small reduction in the percentage of the sample reporting the same value for P75 
and P85 (e.g., from 23.3% to 16.5% for men). Hence, the tendency to report focal responses 
or the same value for P75 and P85 probably has more to do with uncertainty than reporting 
constraints, and it is possible that at least some of the values reported as “focal responses” 
are legitimate estimates of the probability measured with error. Indeed, the respondents that 
report P75 = P85 may be conveying important information about the likelihood of survival 
to the age range between ages 75 and 85—which, for these respondents, is about 20 and 30 
years ahead, respectively—and may well refl ect a perceived fl atness of the survivor func-
tion for these individuals over that range. Strictly speaking, estimating a survivor function 
is diffi cult with no reported hazard of dying within a 10-year period. However, given that 
these responses represent over one-fourth of the sample, and that they likely contain valu-
able information about survival expectations, persons who report the same value for P75 
and P85 are retained in the sample, but their reported probabilities are altered somewhat to 
estimate the parameters of the survivor functions.4

Hurd and McGarry (2002) also demonstrated that subjective survival probabilities have 
predictive validity; that is, respondents who survived between Waves 1 and 2 of the HRS 
reported signifi cantly higher probabilities of survival in 1992 than those who died.5 This 
study noted that relative to the 1992 life tables, men tended to overestimate their survival 
probabilities, and women tended to underestimate them. They offered two potential expla-
nations. First, because the HRS sample represents only the noninstitutionalized population 
and because men in this cohort are more likely to be institutionalized than women, the 
remaining sample of men would be healthier relative to the women. Second, the period life 
tables used in their analysis did not incorporate expected improvements in health that the 
men might experience and factor into their subjective survival probabilities. I expand upon 

3. Appendix A provides further discussion of related issues.
4. For practical reasons documented in Appendix A, the subjective expectations data are adjusted for re-

spondents who report P75 = P85, as well as for respondents who report survival probabilities of 0 or 1. Alternative 
estimates, using unadjusted data, are also discussed in Appendix A.

5. More generally, there is an interesting literature on the validity and interpretation of subjective expecta-
tions data (e.g., Bassett and Lumsdaine 2001; Bernheim 1989, 1990; Dominitz 1998; Dominitz and Manski 1997; 
Hamermesh 1985; Manski 1990). Manski (2004) provided a particularly useful overview and discussion of the 
issues surrounding economists’ use of subjective expectations data.
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the Hurd and McGarry (2002) study by further exploring the gender-specifi c divergence 
in the subjective expectations data from the HRS and the life-table estimates published in 
1992, with a particular focus on whether the subjective expectations contain information 
not yet incorporated into the 1992 cohort life tables published by SSA when the expecta-
tions were elicited. In fact, I fi nd that the unusual direction of subsequent revisions to the 
cohort life tables published in 2004 moved the SSA life table into closer alignment with the 
subjective, cohort life tables that I construct by using the HRS. Although this closer align-
ment could be purely coincidental, the fact that the revisions were not uniform by gender 
is consistent with the idea that the subjective expectations data contain some information 
not previously incorporated into offi cial life tables.

For this analysis, I focus on men and women aged 52 and 57 at the time of the fi rst 
wave of the HRS. I choose these two age groups because the birth-year cohort life tables 
published by the SSA in 1992 and in 2004 are readily available only for birth-cohort years 
ending in 0 and 5.6 Hence, among the HRS cohort, ages 52 and 57 align best with the 
available birth-cohort life-table data for 1940 and 1935, respectively. I drop about 2.5% 
of the observations because they reported subjective probabilities that were not internally 
consistent: that is, the subjective probability of living to 85 was strictly greater than the 
subjective probability of living to age 75.

USING EXPECTATIONS DATA TO PREDICT MORTALITY
The goal of this paper is to construct cohort life tables for men and women that are based 
primarily on subjective expectations of survival. A cohort life table describes the mortal-
ity experience of a cohort normalized to 100,000 births at age 0, giving the probability of 
death qx between integral ages x and x + 1. Given qx, all other life-table functions can be 
derived, including the number of individuals surviving to any exact age x (denoted by lx) as 
well as life expectancy, or the average number of years remaining conditional on reaching 
age x (denoted by ex).

Because the cohort life table is designed to refl ect the mortality experience of a given 
birth cohort, forecasts of mortality rates will be required if the historical data are not yet 
complete, as is true for the cohorts born in 1935 and 1940. The life tables produced by the 
SSA describe their methods for projecting mortality experience for these cohorts (Bell, 
Wade, and Goss 1992).

Constructing Individual Subjective Survivor Functions
This section describes how the subjective expectations data from the HRS can be used 
to generate a sequence of subjective survival probabilities—or a subjective survivor 
 function—for each individual in the sample. The basic method proposed here involves fi t-
ting a survivor function through the points P75 and P85 on the subjective survivor function. 
Note that this method is very different in spirit from an alternative method proposed by 
Gan, Hurd, and McFadden (2003) that used a Bayesian update model to construct indi-
vidual subjective survivor functions.7

For the purposes of this paper, I maintain the assumption that the individual survivor 
functions can be approximated by a particular functional form. Two functional forms are 
commonly used in survival analysis: the Weibull distribution and the Gompertz distribution. 

6. Subjective life tables were also calculated for those aged 51 to 61 at the time of the initial HRS interview. 
Although not shown here, comparison of the aggregate subjective survivor function for these 11 age cohorts with 
the life-table estimates from 1992 and 2004 yield similar qualitative results to those presented here for the age-52 
and age-57 cohorts.

7. Gan, Hurd, and McFadden (2003) used data from the Asset and Health Dynamics of the Oldest-Old 
(AHEAD), which is representative of the population age 70 and older, to estimate individual-specifi c survivor 
functions. As a result, a direct comparison of the mortality forecasts from the different methods for a constant 
cohort are unavailable.
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The Weibull distribution has been used extensively to model the lifetimes of manufactured 
goods as well as the lifetimes of insects, animals, and people (Lawless 1982). The popular-
ity of the Weibull distribution in survival analysis owes, in part, to its fl exibility in allowing 
decreasing or increasing hazard functions. Another attractive feature of the Weibull distri-
bution is that the mean and variance have closed-form solutions (Lawless 1982).

The Gompertz distribution has been popular among demographers because its double 
exponential form has been thought to refl ect the underlying process of aging that leads to 
death. Despite studies showing that the Gompertz model may not accurately characterize 
mortality risk among the oldest-old—that is, mortality hazards do not appear to continue 
to increase at the same exponential rate among the oldest-old—this distribution is still 
widely used and accepted (Economos 1982; Wilson 1994). The Weibull and Gompertz 
distributions each have two parameters, implying that they are exactly identifi ed given 
two points on the survivor function, P75 and P85. However, when P75 is suffi ciently close 
to P85, the exactly identifi ed survivor functions are implausibly fl at, yielding unreasonably 
high probabilities of survival in old age for a signifi cant fraction of the sample. To induce 
the estimated survival probabilities to be close to zero in extreme old age, I introduce a 
third point on the subjective survivor function to which most respondents would not likely 
object. In particular, I set the probability of living to age 110 near zero, according to the 
simple conditional probability

P age P agei i x i

SSA life table

( ) ( )110 110 85| = | ,
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where the fi rst term on the right-hand side is the probability of surviving to age 110 given 
that a person survives to age 85 for x ∈ {male, female}. This term is calculated separately 
for men and women from the SSA cohort life tables (Bell, Wade, and Goss 1992). The sec-
ond term represents the subjective probability of living to age 85 given that the respondent 
is agei in 1992 (P85).

The general strategy of this methodology is to estimate the parameters of the survivor 
function given P75, P85, and P110, using nonlinear least squares (NLLS). In particular, I as-
sume that 

Pi, t = Si, t(αi,βi) + εi, t,

where Pi, t is the probability that individual i lives to age t, and Si, t is a general representation 
of a two-parameter survivor function. The error term εi, t is assumed to be independent and 
identically distributed, with a mean of zero, and homoskedastic. The NLLS estimators are 
the values of αi and βi that minimize the following expression: 

Σt ∈ {75,85,110} [Pi, t – Si,t(αi,βi)]2.

Two sets of parameter estimates are calculated, the fi rst under the assumption that the sur-
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This estimation procedure assumes that each individual faces a unique sequence of 
survival probabilities that are generated from an individual-specifi c Weibull (Gompertz) 
survivor function. Further, each individual reports his or her survival probabilities with 
error. Under these assumptions, NLLS will provide unbiased and effi cient estimates of the 
underlying parameters of the survivor function for each individual. As I show in the next 
section, an aggregate life table can be computed by applying population weights to the 
individual survivor functions.8

Constructing Subjective Cohort Life Tables
I use the two sets of NLLS estimates to generate a series of subjective survival  probabilities—a 
Weibull and a Gompertz—for each person in the sample. To generate a representative, cohort 
life table, these subjective probabilities are multiplied by the HRS person-level weight and 
summed for each age-gender group. That is, the N sample members who are age X in 1992 
(the age-X1992 cohort) represent a total population cohort of i

N
iW=∑ 0  

persons, or the sum 
of the person-level weights (Wi), in 1992. Going forward, the number of persons from the 
age-X1992 cohort expected to be alive at age X + t is given by i

N
i i tW S= ,∑ 0 .

 
This calculation 

gives the number of persons in the age-X1992 cohort that are expected to be alive at every 
age x > X1992—or, in nomenclature of the life tables, lx. After I obtain lx for each age x, I can 
deduce all other life-table functions as follows:

dx = lx – lx + 1
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Conceptually, the probability of dying between age x and age x + 1, qx, is simply a 
count of the number of persons who die between those ages, dx, divided by the number 
of persons alive at age x, lx. Note that this function explicitly accounts for the selection 
of healthier individuals into older age groups because persons with higher mortality risk 
are more likely to die at younger ages; therefore, they are less likely to be included in the 
denominator lx as x increases.

As is customary, these estimates assume that deaths are distributed uniformly over 
the year so that the average number of persons alive between time t and t + 1 is equal to 
Lx, which is the midpoint of lx and lx + 1. The sum of Lx + t from t = 0 to ω, where ω is the 
maximum possible age, gives the total number of person-years lived by the cohort over its 
lifetime (Tx). Life expectancy is derived by dividing the total number of person-years lived 
by the cohort (Tx) by the total number of people alive at t = 0 (lx).9

8. Alternatively, if one assumes that each individual in a given age-sex cohort actually faced the same Weibull 
survivor function and reported those probabilities with error, one could estimate the parameters of the aggregate 
survivor function by weighted NLLS on the entire cohort. Estimates of aggregate Weibull parameters using this 
method yielded life expectancies that were a bit higher for the 1940 cohort, but the main results of this paper still 
hold. Given the variation in risk factors and responses regarding expectations of survival, I maintain the assumption 
that each individual faces a person-specifi c survivor function, and I construct the life tables accordingly.

9. These basic life-table functions are described in more detail in Pollard, Yusuf, and Pollard (1990).
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RESULTS

Men

Although life tables could be constructed for all age cohorts, this paper presents selected 
life-table functions only for the age cohorts that align most closely with the 1940 and 1935 
cohort life tables published in 1992: that is, men and women aged 52 and 57 in 1992,10 
respectively.11 Table 1 presents the survival probabilities derived from the Weibull and 
Gompertz distributions for men aged 52; for comparison, the table also shows the life-table 
estimates that were published by SSA in 1992 and 2004. The table shows that the Gompertz 
survivor function is quite a bit fl atter than the Weibull.

As illustrated in Figure 1, the Gompertz survival probabilities are signifi cantly lower 
than the Weibull probabilities through about age 80, and then a bit higher through age 95, 
before dropping much faster after age 95. It appears that the survival probabilities from 
the Gompertz survivor function are too low at younger ages, perhaps indicating that the 
Gompertz distribution is not appropriate. Indeed, Wilson (1994) noted that for human sur-
vivor functions, there appears to be a shift in the exponential parameter at older ages; that 
is, mortality does not increase at the same exponential factor over the entire length of life, 
and it likely decelerates in old age.12

Not surprisingly, life expectancy is higher in the subjective cohort life table derived 
from the Weibull relative to that derived from the Gompertz: the Weibull estimate of life 
expectancy at age 52 is 28.2 years, and the Gompertz life expectancy is 26.5 years. Table 
1 shows that these Gompertz and Weibull life expectancy estimates are between 0.6 years 
and 2.3 years higher, respectively, than the life expectancy of 25.9 years published in the 
1940 cohort life table from 1992—the year when these subjective expectations data were 
gathered. If these subjective life tables had been taken seriously in 1992, they may have 
suggested that the life expectancy estimates for this cohort were too low. Indeed, as shown 

10. Hereafter, I will refer to the Wave 1 interview year as 1992 even though a small number of Wave 1 inter-
views were conducted in 1993.

11. Complete, subjective cohort life tables are available from the author upon request.
12. Vaupel et al. (2004) investigated the possibility that mortality rates actually decline beyond a certain age, 

a phenomenon that they termed negative senescence.

Table 1. Subjective Life Tables Versus Cohort Life Tables (SSA): Men Aged 52 in 1992

 
Subjective Life Tables 1940 Cohort Life Table  ________________________________________   _________________________________________

 
Weibulla Gompertz Published in 1992 Published in 2004  ___________________   ___________________   ___________________   ____________________

 Survival Life Survival Life Survival Life Survival Life
 Probability Expectancy Probability Expectancy Probability Expectancy Probability Expectancy
Age Sx ex Sx ex Sx ex Sx ex

52 1 28.2  1 26.5 1 25.9 1 26.7

55 0.976 25.9 0.946 24.9 0.976 23.5 0.977 24.3

65 0.848  18.9 0.773 19.4 0.853 16.1 0.86 16.8

75 0.647 13.2 0.589 13.9 0.618 10.1 0.647 10.6

85 0.366 9.3 0.378 8.8 0.287 6.0 0.332 5.7

95 0.146 6.6 0.153 4.4 0.053 3.5 0.053 3.0

105 0.029 6.0 0.008 1.5 0.002 2.2 0.001 1.9

115 0.006 6.3 0 1.0 0 1.3 0 1.1

aWeibull survivor functions are truncated at age 127 (i.e., q127 = 1). Th e truncation does not signifi cantly aff ect life expec-
tancy estimates before age 105.
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in the top row of the right-hand columns of Table 1, the SSA revised upward its estimate 
of life expectancy for this cohort by a signifi cant margin of 0.8 years when it reestimated 
the 1940 cohort life table in 2004.

The revision to the life-table estimates are shown in more detail in Figure 2, which 
compares the survivor functions from the SSA life tables published in 1992 and 2004 with 
the Weibull subjective survivor function. The results show that the revisions to the 1940 
cohort life table in 2004 pushed the survival probabilities from the cohort life table into 
closer alignment with the subjective survivor function at almost every age up through the 
early 90s. Moreover, the fi gure shows that the Weibull estimates track the 2004 life-table 
estimates almost exactly up through age 80, at which point the subjective survivor function 
diverges from the SSA life table. In particular, the Weibull survivor function has a much 
fatter right tail, implying that the probability of surviving to older ages is a good bit higher 
than what current life-table estimates predict. As I discuss later in this paper, the key to 
estimating life expectancy for this age group lies in the assumptions underlying mortality 
forecasts at ages 85 and higher.

Women
Table 2 presents the survival probabilities derived from the Weibull and Gompertz distri-
butions for women aged 52 in 1992. The comparison of the survivor functions from these 
two distributions is similar to the male cohort (shown in Figure 1): the Gompertz survivor 
function is fl atter and has lower probabilities of survival after age 95 than the Weibull 
function. In addition, the Weibull life expectancy of 29.9 years—shown in the fi rst row of 
Table 2—is about two years more than the Gompertz life expectancy, implying a range of 
subjective life expectancies between 27.9 and 29.9 for this cohort.

Figure 1. Subjective Survivor Functions for Men Aged 52
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Figure 2. Subjective Weibull Survivor Function Compared With SSA Cohort Life Tables for Men 
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Table 2. Subjective Life Tables Versus Cohort Life Tables (SSA): Women Aged 52 in 1992

 
Subjective Life Tables 1940 Cohort Life Table  ________________________________________   _________________________________________

 
Weibulla Gompertz Published in 1992 Published in 2004  ___________________   ___________________   ___________________   ____________________

 Survival Life Survival Life Survival Life Survival Life
 Probability Expectancy Probability Expectancy Probability Expectancy Probability Expectancy
Age Sx ex Sx ex Sx ex Sx ex

52 1 29.9 1 27.9 1 30.9 1 30.4

55 0.979 27.5 0.946 26.4 0.986 28.3 0.986 27.8

65 0.876 20.1 0.783 20.9 0.909 20.3 0.911 19.7

75 0.696 13.9 0.621 15.0 0.747 13.5 0.752 12.7

85 0.411 9.9 0.427 9.5 0.487 7.8 0.47 7.0

95 0.178 6.8 0.193 4.8 0.153 4.2 0.118 3.5

105 0.038 6.1 0.015 1.7 0.011 2.5 0.005 2.0

115 0.008 6.2 0 1.2 0 1.3 0 1.1

aWeibull survivor functions are truncated at age 127 (i.e., q127 = 1). Th e truncation does not signifi cantly aff ect life expec-
tancy estimates before age 105.
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That said, the subjective life expectancies for women and men in this cohort compare 
very differently with the SSA life tables. Although the subjective life expectancies for 
men are higher than the SSA life tables, the subjective life expectancies for women in this 
cohort are a good bit lower. The columns to the right in Table 2 show that according to 
the SSA life tables published in 1992, the life expectancy for women in this cohort was 
30.9 years—about 1–3 years higher than the subjective life expectancies. Therefore, the 
subjective expectations from 1992 suggest that the SSA life expectancies from 1992 were 
too high. Remarkably, in 2004, the SSA revised downward its estimate of female life ex-
pectancy for this cohort to 30.4 years—a downward revision of one-half year. As shown 
in Figure 3, the Weibull survivor function looks quite different from the life-table survivor 
functions, with lower probabilities of survival at younger ages and higher probabilities of 
survival for the oldest-old. It is interesting to note that the reductions in life expectancy 
between the 1992 and 2004 SSA life-table estimates largely refl ect reductions in survival 
probabilities among those 85 and older. In contrast, the lower life expectancy implied by 
the Weibull stems from lower survival probabilities through about age 90.

The Gender Gap
Although the functional forms given by the Weibull and the Gompertz are important for 
determining the sequence of survival probabilities, the general results hold even when 
looking at the raw, weighted responses to the expectations questions. Tables 3 and 4 show 
the weighted means of the actual survey responses of P75 and P85 for men and women aged 
52 and 57 in 1992. These fi gures differ a bit from the predicted values based on the fi tted 

Figure 3. Subjective Weibull Survivor Function Compared With SSA Cohort Life Tables for Women 
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Weibull and Gompertz survivor functions presented in Tables 1 and 2 but yield the same 
basic conclusions. That is, men in both age groups had much higher estimates of their 
probability of surviving to age 85 than indicated in the life tables published in 1992. And 
upward revisions to the SSA life-table probabilities for men in 2004 resulted in a 50% 
reduction in the difference between SSA estimates and the subjective estimates of the prob-
ability of living to age 85.

Meanwhile, women reported subjective probabilities of survival that were lower than 
the life tables by a good margin for both P75 and P85. In this case, the life-table probability 
of living to 75 was revised upward slightly between 1992 and 2004, and the probability 
of living to 85 and beyond was revised downward. Taken together, the life expectancy for 

Table 3. Means of P75 and P85, Mena (standard errors in parentheses)

 
Age 52 in 1992 Age 57 in 1992  ___________________________________  ___________________________________

 Subjective Life Life Subjective Life Life
 Expectation Table 1992: Table 2004: Expectation Table 1992: Table 2004:
 (n = 395) 1940 Cohort 1940 Cohort (n = 391) 1935 Cohort 1935 Cohort

P75 0.635 0.618 0.646 0.618 0.633 0.657
 (0.015)   (0.015)

P85 0.377 0.287 0.332 0.366 0.288 0.327
 (0.015)   (0.015)

Life Expectancy –– 25.9 26.7 –– 21.6 22.2

Life Expectancy From 
Fitted Weibull  28.2 26.9 28.2 23.2 22.5 23.5

Life Expectancy From 
Fitted Gompertz 26.5 25.6 26.9 21.8 21.4 22.4

Life Expectancy, Weibull 
+ SSA Tilted Tail 27.0   21.9

aWeighted by respondent-level weights.

Table 4. Means of P75 and P85, Womena (standard errors in parentheses)

 
Age 52 in 1992 Age 57 in 1992  ___________________________________  ___________________________________

 Subjective Life Life Subjective Life Life
 Expectation Table 1992: Table 2004: Expectation Table 1992: Table 2004:
 (n = 472) 1940 Cohort 1940 Cohort (n = 415) 1935 Cohort 1935 Cohort

P75 0.678 0.747 0.752 0.653 0.761 0.764

  (0.013)   (0.015)

P85 0.428 0.487 0.47 0.43 0.489 0.468

  (0.014)   (0.015)

Life Expectancy –– 30.9 30.4 –– 26.4 25.8

Life Expectancy From 
Fitted Weibull 29.9 32.5 32.1 24.8 27.9 27.4

Life Expectancy From 
Fitted Gompertz 27.9 31.2 30.8 23.7 26.6 26.1

Life Expectancy, Weibull 
+ SSA Tilted Tail 29.0   23.9

aWeighted by respondent-level weights.



106 Demography, Volume 45-Number 1, February 2008

women in both cohorts was revised downward one-half year in each cohort, moving the 
life-table estimate closer to the subjective life expectancy estimates.

These results for men and women indicate that the gender difference in mortality risk 
was perceived in 1992 to be declining faster than predicted by the SSA at that time. As 
shown in Table 5, the life tables from 1992 predicted that the difference between female 
and male life expectancy was about 5 years for both cohorts. By 2004, revisions to the 
male and female life tables for these cohorts reduced the gender gap to about 3.7 years—a 
25% downward revision in just over one decade. The lower panel of Table 5 shows that 
the implied longevity difference from the subjective life tables, which is about 1.7 years, is 
still quite a bit lower than the 2004 life-table estimates. These expectations suggest that the 
mortality difference between men and women in these cohorts could narrow even further.

The bottom line is that the subjective, cohort life tables, which are based only on data 
collected in 1992, foreshadowed revisions to the SSA cohort life tables between 1992 and 
2004. These included upward revisions to male life expectancy and downward revisions to 
female life expectancy, implying a narrowing of the gender gap.

However, one might argue that for various reasons, women might systematically un-
derstate their probabilities of survival relative to men. For example, if women have higher 
morbidity or greater risk aversion relative to men, they may understate their probabilities 
of survival relative to men. Indeed, there is evidence that disability prevalence is higher for 
elderly women than for elderly men (see, e.g., Leveille et al. 2000). If women incorrectly 
infer that their higher rates of disability lead to higher mortality rates, the difference in 
longevity between men and women as measured by subjective expectations would always 
understate the true gender gap in mortality risk. To explore this possibility, I compare the 
fi rst 8 years of the estimated subjective survival probabilities with the actual mortality ex-
perience of the HRS cohort to see whether women tended to have lower estimated survival 
probabilities relative to actual survival outcomes than their male counterparts.13 This exer-
cise is complicated a bit by the fact that survival status is not always known for respondents 
who exit the sample. To account for this uncertainty, I calculate an upper and a lower bound 

13. For convenience, I refer to those between the ages of 51 and 61, inclusive, at the time of the initial inter-
view as the “HRS cohort” although technically, the HRS is representative of those born between 1931 and 1941 
(and their spouses) and includes some 50- and 62-year-olds as well.

Table 5. Diff erences in Life Expectancy by Gender: Female Life Expectancy Less Male 

Life  Expectancy

 Age 52 Age 57

Cohort Life Table, 1992 5.0 4.8

Cohort Life Table, 2004 3.7 3.6

Percentage Change –26 –25

Subjective Expectations (Weibull) 1.7  1.6

Memo

Cohort life table 1992, fi tted Weibull 5.6 5.4

Cohort life table 2004, fi tted Weibull 3.9 3.9

Percentage change –30 –28

Cohort life table 1992, fi tted Gompertz 5.6 5.2

Cohort life table 2004, fi tted Gompertz 3.9 3.7

Percentage change –30 –29
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for the actual survival probabilities in the sample by making alternative assumptions about 
survival status when it is unknown. The upper bound is calculated by assuming that those 
for whom survival status is unknown died at the same rate as those for whom survival sta-
tus is known; the lower bound assumes that all those for whom survival status is unknown 
died upon exiting the sample. It is likely that the true survival probabilities of the cohort lie 
within these bounds, which together with the subjective survivor functions, are estimated 
for the entire cohort of men and women between ages 51 and 61, inclusive.

As shown in Figure 4, the estimated survivor functions for the male cohort predict 
actual experience in the cohort fairly well, with the initial probabilities being a bit low. 
Further out, however, the subjective probabilities lie close to midpoint between the upper 
and lower bounds of the actual survival probabilities realized by the cohort. Comparatively, 
as shown in Figure 5, women do not do as well: the subjective survivor functions for 
women understate the initial survival probabilities by a good bit more earlier in the period. 
Although they lie between the bounds of actual experience later on, they are much closer 
to the lower bound of the actual survival probabilities than are the men. These plots suggest 
that subjective survivor functions estimated for women understate survival probabilities 
relative to actual survival probabilities, whereas the survivor functions estimated for men 
appear to do a better job. However, given the limited number of years of actual survival 
experience of the cohort, it is diffi cult to know whether these fairly small differences in 
optimism, if you will, translate into large differences in life expectancy overall.

The fl atter Weibull estimates for the women imply lower initial survival probabilities, 
but the fatter tails of the Weibull likely imply higher survival probabilities at advanced 
ages. As a result, it is not clear how one would adjust subjective life tables to uncover the 
correct prediction for the gender gap implied by the subjective expectations data. Further 

Figure 4. Subjective Survivor Function Versus Actual Mortality Experience for Men Aged 51–61
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research is needed to determine the factors that underlie the apparent propensity of women 
to overestimate their mortality risk.

Functional Form Assumptions
A key assumption in this analysis is that the Weibull survivor function fi tted through three 
points on the subjective survivor function can yield a meaningful sequence of survival 
probabilities for each person in the HRS sample. In an ideal world, one would not have to 
resort to functional form assumptions: respondents would report all points on the subjective 
survivor function (or substantially all), and one could estimate the subjective survivor func-
tion nonparametrically. Unfortunately, I have only two points to work with prior to age 85. 
As a result, the behavior of the subjective survivor function beyond age 85 is completely 
determined by functional form assumptions. In particular, the Weibull, as noted earlier, 
appears to yield higher probabilities of living beyond age 95 even when the estimated life 
expectancy is lower than the life-table estimates—for example, for the women whose data 
appear in Table 4.

This section explores the sensitivity of the main results of the paper to assuming a 
Weibull functional form for the subjective survivor functions. To do this, I conduct two 
separate sensitivity tests. First, I transform the SSA cohort life tables to the same basis as 
the subjective life tables by using the same estimation method to provide a Weibull ap-
proximation to the SSA survivor functions. Second, I provide an alternative estimate of 
the right tail of the Weibull by using the SSA life-table probabilities to “tilt” the subjective 
probabilities beyond age 85 according to the following formula: 

Figure 5. Subjective Survivor Functions Versus Actual Mortality Experience for Women Aged 
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P t age P t age
SSA life table

( ) ( )| = | ,85
 

� ������ ������� � ����� �����× |P age
HRS

( )85 . 

This gives the subjective survivor functions the same shape as the SSA life tables after age 
85, allowing me to explore the effect of the right tail on the main results of this paper.

Weibull Approximation to SSA Cohort Life Tables
As noted earlier, one might argue that the Weibull is not fl exible enough to capture the 
shape of the human survivor function; in particular, the fat right tail associated with the 
Weibull is inappropriate and may be driving the results described earlier in this paper. To 
explore the importance of functional form assumptions, I fi t Weibull functional forms to 
the SSA cohort life tables from 1992 and 2004, using the same three points of the survivor 
function used in the subjective life tables: namely, P75, P85, and P110. Figure 6 shows that 
for men, the Weibull functional form predicts higher survival probabilities both before age 
75 and after age 90 than the life-table probabilities.14 As a result, life expectancies derived 
from these Weibull estimates are higher; indeed, as shown at the bottom of Table 3, male 
life expectancies are roughly 1–1.5 years higher than those computed by SSA. However, 
this transformation, in effect, makes the life-table probabilities more directly comparable 
with the subjective life tables, and the results are somewhat reassuring. The subjective life 
expectancy was still quite a bit higher (1.25 years) than the fi tted Weibull life-table life 
expectancy from 1992 but matched the fi tted Weibull life-table estimate for 2004. Thus, the 
main result still holds: subjective life expectancies from 1992 predicted an upward revision 
to male life expectancies between 1992 and 2004.15, 16

14. This is also true for the older 1935 male cohort.
15. The same basic result obtains for men age 57 in 1992.
16. For reference, the SSA life-table probabilities were also fi tted to the Gompertz functional form, shown in 

the last row of Table 3. The Gompertz, which does a much better job of fi tting the right tail of the survivor func-

Figure 6. Fitted Weibull Versus Published Life Table: SSA 1940 Male Cohort (2004)
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The results for women shown in Table 4 are similar. In this case, however, the SSA 
life-expectancy estimates from both the fi tted Weibull and Gompertz are higher than the 
subjective life expectancies calculated for each cohort. Nevertheless, the main result holds: 
SSA-fi tted life expectancies were revised downward about the same amount as the actual 
life expectancies, and the subjective life expectancy is still lower than both the actual and 
fi tted SSA life-table estimates from 2004.

The memo items in Table 5 show that the diminution of the gender gap in longevity 
is highly stable across the different fi tted and actual life-expectancy values. Although the 
fi tted life-table estimates of the gap are slightly higher than the actual, the percentage re-
duction from 1992 to 2004 is 30%—roughly the same as the actual reduction between the 
1992 and the 2004 life tables.

Tilted Subjective Life Tables
The exercise that I described earlier demonstrates that despite a level effect in the life expec-
tancies generated from the Weibull, the relationship between the gender-specifi c subjective 
expectations of survival and those implied by the SSA cohort remains stable. This section 
explores whether the results are sensitive to transforming the tail of the Weibull subjec-
tive cohort-survivor function to conform to the shape of the SSA cohort-survivor function. 
Hereafter, I refer to this hybrid Weibull plus SSA life-table tail as the “tilted Weibull.”

As I noted earlier, the tails of the Weibull survivor functions are tilted according to the 
following formula: 

P t age P t agei i x i

SSA life table

( ) ( )| = | ,85
 

� ������� ������ � ����� �����
× |P agei i

HRS

( ) ,85

where t > 85. The summary results from this calculation are shown in the last rows of 
Tables 3 and 4. The life expectancies for men and women derived from the tilted Weibull 
are around 1 year less than the fi tted Weibull. For men, though, these life expectancies are 
still greater than the 1992 cohort life tables; and for women, they are still less. In all cases, 
the estimates of life expectancy from the tilted Weibull lie between the Gompertz lower 
bound and the Weibull upper bound. The estimates imply a gender gap of about 2 years—a 
bit higher than the gap implied by the fi tted Weibull.

The conclusion from these sensitivity analyses is that while one should not place too 
much emphasis on the precise level of the derived life expectancy estimates, the Gompertz 
and the Weibull probably provide informative lower and upper bounds, respectively, to the 
subjective life expectancies. Moreover, these analyses suggest that the main qualitative 
results regarding the relationship between gender-specifi c subjective survivor functions and 
those published by SSA is fairly robust to alternative functional form assumptions.

CONCLUDING REMARKS
The Weibull and the Gompertz functional forms differ dramatically in their implications 
regarding mortality risk at very old ages, with the Weibull implying higher rates of sur-
vival for the oldest-old than the Gompertz. Because the 1940 and 1935 cohorts have only 
just recently (in 2005) reached the ages 65 and 70, respectively, their mortality experience 
at the oldest ages has not yet been realized. Moreover, there is a wide range of opinion 
about the pace of future mortality improvements at very advanced ages. In one camp are 
those who believe that the pace of future improvements will slow because we are nearing a 
biological limit to human life expectancy (Olshansky and Carnes 2001). In the other camp 
are those who believe that we have not yet come close to the biological limit of human life 

tion, implies a lower life expectancy than the Weibull, which is closer to the actual life-table life expectancies. 
Like with the Weibull, the basic results described herein continue to hold.
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 expectancy (see, e.g., Oeppen and Vaupel 2002).17 What is not disputed is that past forecasts 
of mortality improvements have been far too conservative (Oeppen and Vaupel 2002) and 
that assumptions about future old-age mortality are vital to estimating the expected longev-
ity of current and future cohorts.

Old-age mortality is very diffi cult to predict because it requires not only an under-
standing of the process of senescence—which is infl uenced by genetic, environmental, 
and behavioral factors—but also a prediction of medical advances as well as other impor-
tant environmental variables. In this paper, I suggest that individuals have a unique under-
standing of their own individual aging processes, conditional upon private information, 
which could include knowledge of their genetic background as well as environmental 
and behavioral risk factors. Given this private information, individuals form expectations 
about future survival probabilities that may provide additional information to demogra-
phers and policymakers in their challenge to predict mortality. I fi nd that expectations 
elicited in 1992 predicted the unusual direction of revisions to U.S. life expectancy by 
gender between 1992 and 2004; that is, male life expectancy was revised upward, and fe-
male life expectancy was revised downward. The subjective expectations of women sug-
gest that female life expectancies produced by the SSA might still be on the high side, and 
that subjective life expectancies for men appear to be roughly in line with the 2004 life 
tables. That said, it is important to emphasize the qualitative over the quantitative aspects 
of this study because it appears that women tend to overstate their mortality risk relative 
to men. Further research is necessary to determine why women overestimate mortality 
risk relative to men as well as what implications this might have for the use subjective 
survival probabilities to predict mortality risk.

APPENDIX A
Because of the form of the survivor function, the Weibull parameters are undefi ned for 
persons who report P75 = P85. However, a respondent who reports P75 close to P85 may be 
conveying valuable information regarding the perceived fl atness of the subjective survivor 
function, and it would be unfortunate to be forced to exclude such a large and potentially 
interesting segment of the sample. The format of the expectation questions in the fi rst wave 
of the HRS requires respondents to round survival probabilities to the nearest tenth. As a 
result, it is reasonable to assume that the “true” expectation lies in some interval around 
P75 = P85: that is, P75 ∈ [P75 – .05, P75 + .05] and P78 ∈ [P75 – .05, P85 + .05]. Hence, to retain 
nearly one-third of the sample who report P75 = P85, I reassign the probability of living to 
75 equal to the upper bound of the interval (P75 + .05) and also set the probability of living 
to 85 to the lower bound of the interval (P75 – .05). For example, a person who reported 
P75 = P85 = .5 would be reassigned P75 = .55 and P85 = .45. This assignment rule imposes 
the maximum distance allowed within the interval, thereby implying more credible Weibull 
estimates.

In addition, in order to estimate the Weibull, probabilities of 0 and 1 are reassigned .01 
and .99, respectively. If P75 = P85 = .99, then P85 is set to .95; and if P75 = P85 = .01, then 
P75 is set to .05.

To check the robustness of the results to these assumptions, I start with the unadjusted 
reported survival probabilities and follow the same procedure for constructing subjective 
survivor functions.18 Of the 472 women aged 52 in 1992, 137—about 30%—reported 
P75 = P85. Of that group, one-third reported both probabilities equal to 1, one-fi fth reported 
both probabilities equal to 0, and one-fi fth reported both probabilities equal to 0.5. The life 

17. For example, estimates from a risk-factor simulation model developed by Manton, Stallard, and  Tolley 
(1991) suggest that life expectancy at birth could be dramatically higher than the U.S. life tables currently predict.

18. All adjustments were removed except for the cases in which P75 = P85 = 0, which cannot be estimated via 
the Weibull without some adjustment.
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expectancies derived from the unadjusted survival probabilities are generally higher than 
the adjusted life expectancies, particularly where the probabilities of living to 75 and 85 are 
close to or equal to 1. For example, if reported probabilities of living to 75 and 85 are both 
equal to 1, the unadjusted Weibull life expectancy is 10.5 years higher than the adjusted 
life expectancy for 52-year-olds (54.7 years vs. 44.2 years).

In the aggregate, the unadjusted subjective life expectancies for the 1940 cohort were 
about 1 year higher for both men and women than the adjusted life expectancies, bringing 
the women more in line with the SSA life tables while exacerbating the difference for men 
and leaving the gender gap about unchanged. Therefore, these results would still predict a 
narrowing of the gender gap, although they would suggest that men will live even longer 
than reported in this paper, relative to the SSA life tables.

Although the path of the survival probabilities generated by the unadjusted variables 
is fairly similar to that derived from the adjusted probabilities through about age 95, the 
unadjusted probabilities of survival are much higher between ages 95 and 110 before drop-
ping down because of the higher life expectancies and lower variances estimated for those 
optimistic respondents who reported that they were certain to live to age 85. The unusually 
high probabilities of survival at these ages lead me to favor the adjusted life-table estimates 
reported in this paper. The problems with estimating these survivor functions point to the 
importance of understanding mortality rates among the oldest-old, for which I have no 
subjective data in the HRS beyond age 85. For future work in this area, it would be useful 
to have another point on the subjective survivor function to work with, perhaps the prob-
ability of surviving to age 95. 
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